The diagnosis of obstructive sleep apnea (OSA) requires polysomnography (PSG). The screening of OSA utilizes questionnaires like the Epworth sleepiness scale (ESS) and the STOP-BANG questionnaire (SBQ) that have variable predictive value, as reported from the Western literature. Materials and methods: A retrospective cohort study was done in adult subjects (n = 80) presenting with symptoms of OSA. The demographic profile, ESS, and SBQ scores were evaluated. The level one recorded PSG was evaluated for apnea-hypopnea index (AHI) and positive airway pressure (PAP) therapy prescribed. Results: Of the 80 subjects, 75 were diagnosed as OSA on PSG. The mean age of the study group was 49 years, with 71% men and a mean BMI of 28.25 kg/m 2 . Epworth sleepiness scale ≥11 was in 62.66%, and SBQ ≥ 5 in 53% of the 75 subjects. Hence, both questionnaires failed to predict OSA in nearly half of the population. The mean AHI was 33.8/hour, and the mean continuous positive airway pressure (CPAP) was 10.05 cm H 2 O. The AHI had a significant correlation with BMI, ESS score, and CPAP. Epworth sleepiness scale had a 53% sensitivity and 60% specificity for diagnosing OSA using a cutoff of 11, whereas SBQ had a 68% sensitivity and 100% specificity using a cutoff of 5. Conclusion: The SBQ has a higher sensitivity and specificity to detect OSA than ESS as it envisages distinct clinical manifestations and risk factors of OSA. However, neither of the two can replace PSG.
IntroductIon
Obstructive sleep apnea (OSA) is a common disorder characterized by snoring, daytime sleepiness, fatigue, repeated termination of airflow (apnea), and hypoxemia. 1 It is an independent risk factor for cardiovascular diseases including hypertension, coronary artery disease, stroke, and pulmonary hypertension. The gold standard diagnostic technique is polysomnography (PSG), 2 which is a noninvasive technique that involves overnight monitoring of physiological variables including electroencephalography, eye movements, muscle tone, respiratory effort, airflow, and oxygen saturation. The severity of OSA is graded according to commonly used clinical criteria as mild (AHI ≥5 but <15), moderate (AHI ≥15 but <30), or severe (AHI ≥30). 3 Acknowledging the high cost of and inaccessibility to PSG, several screening questionnaires were formulated. The most conventional questionnaires are the STOP-BANG questionnaire and ESS. These questionnaires have a wide range of sensitivity and specificity in different races. [4] [5] [6] [7] Hence, we conducted this study to compare the predictive values of these questionnaires in the North Indian population.
LAcunAe I n exIstIng KnowLedge
The studies comparing two questionnaires (SBQ and ESS) are limited to the Western population. The comparison is often unsupported by level 1 PSG, and hence real reliability is unknown.
AIms A n d objectIves
• To compare the two questionnaires (SBQ and ESS) for detecting OSA • To correlate AHI with SBQ, ESS, and BMI.
mAterIALs A n d methods
The current study is a retrospective cohort study. Adult subjects who visited the sleep clinic between October 1, 2018, and March 3, 2019 with suspected OSA were included.
Inclusion Criteria
• Age above 18 years. • Obstructive sleep apnea symptoms (fatigue or sleepiness during the day, nocturnal snoring or choking, and observed apnea by others), no previous treatment, completion of questionnaires, and personal consent to do PSG and participate in the study.
Exclusion Criteria
• Subjects with incompletely finished questionnaire • A history of psychiatric disorder.
All subjects had filled SBQ and ESS questionnaires and undergone a PSG in the time frame. A detailed history to rule out other causes of excessive daytime sleepiness including occupational working hours, depression, other psychiatric disorders, symptoms suggestive of hypothyroidism, sedative drug use, etc. was taken.
The SBQ questionnaire includes four subjective (STOP: snoring, tiredness, observed apnea, and high blood pressure) and four demographics items [BANG: body mass index (BMI), age, neck circumference, and gender]. Answering "yes" to five or more items is categorized as high risk for the OSA. 8 STOP-BANG questionnaire is validated in the meta-analysis for the screening of OSA in a sleep clinic and surgical population. The ESS is an eight-item questionnaire to measure daytime sleepiness. The questionnaire has a four-point Likert response format (0-3), and the score ranges from 0 to 24. Epworth sleepiness scale score ≥11 indicates excessive daytime sleepiness and high risk for OSA. 8 Standard attended overnight PSG (Philips Respironics) was done in these subjects in the defined time frame. Electroencephalogram, electrocardiogram, electrooculogram, chin electromyogram, oronasal airflow, oxygen saturation by pulse oximetry, and thoracic and abdominal movements were recorded. Scoring of events were done according to the 2015 American Association of Sleep Medicine guidelines. 9 Subjects were classified based on the AHI values without OSA (AHI <5), mild OSA (5 ≤ AHI < 15), moderate OSA (15 ≤ AHI < 30), and severe OSA (AHI ≥30). The clinician, blinded to the results of questionnaires, interpreted the AHI independently.
stAtIstIcAL AnALysIs SPSS, version 17.0 (SPSS Science, Apache Software Foundation, Chicago, IL, USA), was used for data analysis. The Pearson's correlation coefficient was used for the questionnaires in subjects. p < 0.05 was accepted as statistically significant.
resuLts
A total of 80 subjects recorded ESS and SBQ questionnaire. The previous history of comorbidities, including hypertension, diabetes and coronary artery disease was documented. The PSG results of subjects were analyzed for apnea-hypopnea index and titration pressures.
Of the 80 subjects, 75 were diagnosed as having OSA on PSG. The mean age of the study group was 49 years, with 71% men and a mean BMI of 28.25 kg/m 2 . Epworth sleepiness scale ≥11 was in 62.66%, and SBQ ≥5 in 53% of the 75 subjects. Hence, both questionnaires failed to predict OSA in nearly half of the population. The metabolic comorbidities were common in population with OSA: 40% had hypertension, 32% had diabetes, and nearly 12% had a history of coronary artery disease.
The mean AHI was 33.8/hour, and the mean CPAP was 10.05 cm H 2 O (Figs 1 to 4) . The mean values of arterial blood gas analysis and spirometry were in the normal range (Table 1) .
Using the Pearson's correlation coefficient, AHI had a significant correlation with BMI, ESS score, and CPAP titrated, but surprisingly not with SBQ. Epworth sleepiness scale score and SBQ did have a significant correlation with each other ( Table 2 ). Epworth sleepiness scale had 53% sensitivity and 60% specificity for diagnosing OSA using a cutoff of 13, whereas SBQ had 68% sensitivity and 100% specificity using a cutoff of 5.
dIscussIon
The current study is a reflection of the demographic profile of OSA at a tertiary care center in North India. The disease peaks at 40-60 years of age, is more prevalent in men, and is associated with metabolic comorbidities like hypertension and diabetes mellitus. Diagnosing OSA is a big dilemma given the lack of awareness among both subjects and doctors, lack of standard questionnaire, and the ultimate need to carry out a PSG, both for diagnosis and for titration. The facility of PSG, even in urban parts of India, is limited, though emerging. Interpretation of these studies is equally tricky and time-consuming. Hence there is an urgent need for highly sensitive and specific questionnaires to predict OSA so that the appropriate target population undergoes the required PSG and titration.
In the present study, SBQ was found to be more sensitive as well as specific than ESS for OSA in predicting the diagnosis of OSA. The studies in the past have given conflicting evidence for the same. A study from western India analyzed 50 patients and found ESS to have higher sensitivity and negative predictive value than SBQ tonsillectomy, mandibular advancement devices, and PAP therapy. 11 Adolescents and children frequently do not have symptoms of excessive daytime sleepiness despite having severe OSA. Such children have the clinical phenotype of "mouth breathing" or "isolated poor neurocognitive development." Timely intervention in such patients with adenotonsillectomy, oral devices, and advancement surgeries can prevent future morbidity. Similarly, the elderly population frequently present with insomnia due to OSA. Such patients need PAP therapy to correct OSA and also to improve their sleep quality to a large extent. A recent case report highlights the side effects of hypnotics and sedatives taken for insomnia when the patient had underlying OSA. The ESS in the said patient was 2. 12 Hence, questionnaires like ESS are bound to be of limited use in these patients. Thus, ESS can only be employed as a measure of the severity of excessive daytime sleepiness (EDS) and cannot be used as a tool to predict the probability of OSA due to the mentioned factors. STOP-BANG questionnaire is a more comprehensive screening tool as it includes symptoms, comorbidities, and physical examination findings of the patients, thus, faring better than ESS and found validated for screening patients, primarily surgical patients. 8 However, studies have found SBQ to be less useful in veteran 13 and chronic kidney disease patients. 14 Most studies, which register SBQ having high sensitivity and specificity, have a selection bias or are not validated by in-lab (level one) PSG. 8 In a study validating the results by a PSG, SBQ was found to have the best negative likelihood ratio among nine questionnaires in predicting the presence of OSA in over 200 subjects. 15 A recent retrospective study concluded that perioperative sleep apnea prediction score (PSAP), SBQ, and ESS together, if negative, virtually rules out OSA. 16 In the present study, all the subjects validated with a PSG, thereby proving the superior sensitivity and specificity of SBQ over ESS. A selection bias, however, cannot be ruled out as all these patients presented to a tertiary care clinic and were bound to be symptomatic, and most of them had severe OSA. concLusIon Screening for OSA by ESS and SBQ has many limitations. These questionnaires cannot replace PSG. However, SBQ has a higher sensitivity and specificity to detect OSA than ESS and may be used in controlled settings to prioritize patients for subsequent PSG for diagnosing OSA and PAP titration. The search for an ideal screening tool is in continuum. in detecting OSA. 10 However, most studies agree that SBQ has a higher sensitivity toward diagnosing OSA. Comparing ESS to other questionnaires like the Berlin questionnaire, it fared poorly both in sensitivity and in specificity. 11 This study also shows that ESS and SBQ can miss nearly half of the cases for diagnosing OSA. The reasons can be many: OSA is a multietiology disorder with a myriad of risk factors, symptoms, and treatment options. Phenotyping OSA according to the age of presentation helps in deciding the treatment options ranging from 
